for the Study Group of the GME cohort BACKGROUND/OBJECTIVES: Healthy eating behaviours, such as increasing fruit and vegetable consumption (FVC), are frequently used as a target or outcome measure in obesity prevention interventions. The goal of this study was to demonstrate replacement of high-caloric foods/drinks by FVC and changes in body mass index (BMI) z-score associated with FVC. SUBJECTS/METHODS: Anthropometric measurements of 1252 children (51.0% girls) were taken before school entrance (age 6 years) and repeated in the fourth grade (age 10 years). At the same time, parents were asked about their children's diet using a questionnaire. RESULTS: In longitudinal analysis, changes in FVC were not significantly correlated with changes of other nutritional habits, such as consumption of sweets and high-caloric drinks. BMI gain tended to be lower (nonsignificant) in children with increasing fruit consumption compared to those with decreasing fruit consumption. An opposite (nonsignificant) tendency was observed for vegetable consumption and BMI gain. CONCLUSIONS: Although beneficial for other health outcomes, the evidence for FVC replacing high-energy foods and thereby reducing BMI gain is weak and could not be substantiated in this study. This might be partially due to the limitation in dietary assessment.
INTRODUCTION
The World Health Organization (WHO) recommends high fruit and vegetable consumption (FVC). 1 Fruits and vegetables have high contents of vitamins, fibre and phytochemicals for which there is biological evidence of a preventive effect against cardiovascular diseases and several types of cancer. [2] [3] [4] Furthermore, fruits and vegetables are foods of low energy density. Therefore, the WHO additionally postulates that a general strategy for obesity prevention includes increasing children's FVC. 1 High FVC is presumed to replace high-density foods in the children's diet ( Figure 1 ). Empirical evidence to prove this concept, however, is inconclusive, which may reflect small sample sizes in some previous studies. [5] [6] [7] [8] Empirical evidence for a body mass index (BMI)-lowering effect of increased FVC in children is lacking. A Spanish cohort study in adults found that increased FVC was associated with a lower weight gain during a 10-year period even after adjustment for several potential confounders. 9 A recent review identified the need for research to clarify the effects of FVC on overweight and the mechanisms behind. 10 Despite these uncertainties, FVC has been used as an outcome and measure of efficacy in evaluations of obesity intervention programmes. [11] [12] [13] We had the opportunity for a 4-year longitudinal assessment of the association of BMI and reported food intake in a cohort of more than 1200 6-year-old children, which appears to be a critical period for the emergence of overweight during childhood years. 14 In this cohort, we therefore attempted to test two hypotheses ( Figure 1 ):
(1) Increased FVC over time is associated with a decrease in consumption of high-caloric foods and sweetened beverages. (2) High/increasing FVC is associated with lower BMI gain over a 4-year period from ages 6 to 10 years.
SUBJECTS AND METHODS

Data collection
Recruitment for the GME (Gesundheits-Monitoring-Einheiten, healthmonitoring units) survey [2005] [2006] was realized within the compulsory school-entry health examinations (T1) in six regions in Bavaria, Germany. A second survey was performed in 2009-2010 in two of these regions, the city of Ingolstadt and the more rural district of Gü nzburg, when the children were in the fourth grade (T2). Parents were asked for their consent to retrospectively link these follow-up data with the baseline data of the first survey at school entry. The study was approved by the local ethics committee. In these two study regions, the first survey in 2005-2006 yielded data of n ¼ 2409 children at school entry including sociodemographic characteristics and maternal weight and height and a number of potential risk factors for childhood obesity (complete survey, response rate: 1 85%). Details on the GME and the 2005-2006 survey at this stage have been published elsewhere. 15, 16 At follow-up (T2) again, height and weight were measured, and a number of risk factors were assessed using selfadministered parental questionnaires. Weight and height measurements were carried out by trained staffs of the local health authorities according to a standardized protocol and using standard calibrated stadiometers and digital scales. The questionnaire items used to assess nutritional behaviours were repeatedly used before but not subject to a validation study. Parents were instructed to report habitual intake.
Data analysis
FVC was asked as two separate items in five categories, each from no to more than three portions a day. One portion was defined as a child's handful of food. Eating unhealthy snacks while watching TV was asked in five categories from never to every day. For the composite variables consumption of energy-dense sweets and high-and low-caloric drinks (including water), a list of such foods/drinks was supplied, and the intake for each of these foods/drinks was asked in six categories, ranging from never to 4-6 portions a day. For drinks, one portion was defined as one glass (200 ml). As rationale to count fruit juice as fruit or high-caloric drink is equivocal, it was excluded in accordance with previous analyses. 12 A question about parents' attitudes to limit their children's sweets consumption was also included (ranging from 'yes, always' to 'no, I dislike limitation of sweets consumption'). Answering 'no, my child does not eat much sweets anyway' was counted as missing value.
Spearman's rho was used to quantify correlations between the eating behaviours. This allowed to use the original ordinally coded variables. For longitudinal analysis of the composite variables (e.g., energy-dense sweets), the category changes in such foods (e.g., cake, cookies, chocolate, bars, ice cream) between T1 and T2 were added up. For example, moving up in chocolate (eating more chocolate at T2 than at T1) and moving down in cookies with the other subitems unchanged will result in þ 1 À 1 ¼ 0 change in the composite variable 'energy-dense sweets'.
For statistical modelling of BMI (see below), the variables were dichotomized using cutpoints described previously: 12 for fruits and vegetables, two or more portions were defined as high, respectively; eating unhealthy snacks while watching TV less than once a week was defined as rare.
Statistics
As BMI ranges are subject to change by age in childhood, BMI values were transformed to age-and sex-specific z-scores using the 2007 WHO references. 17 To assess the effect of different nutritional behaviours on BMI, we used generalized estimating equation models with DBMIz-that is, the difference in BMI z-score between T1 and T2-as outcome variable:
where X is the nutritional behaviour of interest reported at T1 and T2 and a represents the intercept, that is, the common change in BMI z-score over time in the reference group. To adjust for physical activity, we further included the results of a short physical activity questionnaire at T1 and T2 as covariates. This instrument developed within the GME study, 18 which is based on children's everyday activities, was recently validated in another population. 19 Generalized estimating equation models (with correlation structure exchangeable) were used to account for correlation on the preschool level and introduced by the cluster structure of the sample. From the fitted parameters, contrasts were computed, representing the differences in BMI gain between groups of children with different nutritional behaviours compared with the reference group. Model estimates were obtained using SAS version 9.2 PROC GENMOD with the ESTIMATE statement (SAS Institute Inc., Cary, NC, USA).
If lower consumption of energy-dense food was caused by higher FVC, this would be an example of an intermediate in the association of BMI and FVC. This is why we did not adjust our models for consumption of energy-dense food.
RESULTS
Of the 2409 preschool children participating in the baseline survey (T1, age 6 years), 1252 or 52% could be followed up after primary school (T2, age 10 years). Among those who could be followed, the proportion of girls and the proportion of children with German nationality were significantly higher and the prevalences of overweight and obesity tended to be lower when compared with the children lost to follow-up (Table 1) . There was no difference in age (mean±standard deviation 6.0±0.45 vs 6.0±0.39 in children with vs without follow-up) and FVC.
Correlations between FVC and other eating behaviours are presented in Table 2 . The strongest correlations were found between the consumption of fruits and vegetables. Both fruit consumption and vegetable consumption were positively correlated with low-caloric drinks and negatively correlated with unhealthy snacking while watching TV. Changes (T1 À T2) in fruit or vegetable consumption were not significantly correlated with changes in any of the five other behaviours. Table 3 shows frequency of the eating behaviours after dichotomization in accordance with previous analyses. 12 Based on the modelling results, Table 4 shows BMI gain by development of FVC and other nutritional behaviours. Expected leptogenic behaviours-fruit and vegetable consumption-are presented in the upper part of the table (leptogenic, as opposed to obesogenic, refers to causing weight loss); expected obesogenic behaviours -snacking while watching TV -are shown in the lower part of the table (leptogenic, as opposed to obesogenic, refers to causing weight loss). The columns show the modelled BMI gain by exposition to the respective nutritional behaviour: constantly low (low at T1 and T2), constantly high (high at T1 and T2), decreasing (high at T1 and low at T2) and increasing (low at T1 and high at T2). The rightmost column compares children with increasing to those with decreasing development of the respective nutritional behaviour. This is of particular interest from the longitudinal point of view as replacement of high-caloric food may be especially observed in children with increasing FVC. For fruit consumption a small but statistically insignificant (P ¼ 0.236) effect was found, whereas children with increasing vegetable consumption tended to show even higher BMI gain when compared to those with 
DISCUSSION
In cross-sectional analysis of children's nutritional behaviours between 6 and 10 years of age, we found FVC positively correlated with consumption of low-caloric drinks and negatively correlated with snacking while watching TV. However, in longitudinal analysis, changes in FVC between 6 and 10 years of age were not significantly correlated with changes in any of the other eating behaviours investigated. FVC tended to be negatively correlated with snacking while watching TV. Such negative correlation would give support to FVC replacing obesogenic behaviours, a hypothesis that could not be proven to be statistically significant. Children with increasing fruit consumption tended to show less BMI gain compared to those with constantly low or decreasing fruit consumption. This was not true for vegetable consumption.
As high FVC itself does not reduce BMI, its hypothesized leptogenic effect is expected to work via replacement of high-caloric nutrients (Figure 1) . A number of interventions promoting low-caloric foods have been published. A pilot study The nutritional behaviours were dichotomized (cutpoints are given in the second column) and arranged such that putative leptogenic behaviours are placed on the left and obesogenic behaviours on the right.
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on the Lebanese Jarrib Baleha programme increased water and concomitantly reduced soft-drink intake in 10-year-old students. 5 A school-based intervention programme aimed at increasing FVC conducted in 6-to 7-and 10-to 11-year-old children showed higher fruit consumption, whereas no other changes in nutrient intake were detected. 7 Similarly, Vereecken et al. 6 found increased fruit consumption but no change in vegetables or other food items. Both studies included control groups.
High FVC was positively correlated with consumption of low-caloric drinks but was not correlated with high-caloric drinks. The latter has been demonstrated to prevent excessive weight gain in children aged 7-11 years.
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As we found at least a negative-although in longitudinal analysis not statically significant-association of high FVC and less frequent unhealthy snacking while watching TV, this could indicate one pathway of FVC leading to less BMI gain (children eating apples or carrots instead of chips in front of the TV set). To follow this pathway, we modelled the effect of this potential mediator on BMI gain. As expected, children who decreased their frequency of unhealthy snacking while watching TV showed less BMI gain than those with constantly high or increasing frequency. However, the differences were statistically insignificant. Of all nutritional behaviours assessed, this was the most constant nutritional behaviour, with 873 children (73.3%, n in the full data set; n in Table 4 is smaller due to missing values for some covariates needed for modelling) remaining in their category after dichotomization. Constant regular behaviours are more likely to be reliably reported by parents. This could explain that for this variable the most prominent-although still insignificant (P ¼ 0.124)-difference in BMI gain was between children with constantly high and low frequency of unhealthy snacking while watching TV.
A study on the Norwegian School Fruit Programme showed that in non-subscribers with low parental educational status, consumption of soda, candies and chips increased but remained constant in those with high parental educational status. 21 As parental education could be an effect modifier, we recalculated the correlation coefficients shown in Table 2 stratified by at least one of the parents having at least Realschulabschlu (10 years of education), revealing different directions of correlation between changes in vegetable and sweets consumption, with rho ¼ À 0.108 (P ¼ 0.11, n ¼ 221) for those with lower educational status and rho ¼ 0.095 (P ¼ 0.009, n ¼ 761) for those with higher educational status, confirming the results of the mentioned study.
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Although combined analyses of FVC, changes in other nutritional behaviours and BMI-to the knowledge of the authors-have not been published before, the lack of findings is coherent with the literature. To inform an impact assessment for the European Commission, de Sa and Lock 13 conducted a systematic literature review of interventions to promote fruit and/or vegetable consumption in children in school settings. Of 30 interventions included, only 7 reported anthropometric measures and only 1 showed an effect on BMI. 11 This study, an evaluation of the APPLE project in 5-to 12-year-old children, showed not only higher fruit consumption but also a lower intake of carbonated drinks. However, the latter was an explicit component of the intervention and, thus, may not be attributed to result from higher FVC. For vegetable consumption, no difference was found between the intervention and the control group. In a more recent review, the inverse relationship between FVC and obesity among overweight adults appeared weak, whereas this relationship was unclear among children. 10 Of four longitudinal studies with follow-up periods between 6 months and 3 years, one was conducted in 95 overweight children and reported a lower risk to maintain overweight for those with high FVC. One study reported mixed results, whereas two did not find the expected relationship.
Limitations
In this study, data were collected using a parental questionnaire asking for dietary habits and containing some food-frequency items. It is possible that not all high-energy foods were captured that might be replaced by FVC. FVC may have influenced other eating behaviours or total energy consumption, which were not measured. Using a more detailed food-frequency questionnaire (FFQ) or dietary protocols using pictures and scales would probably have resulted in a more precise assessment. Such elaborate assessment would allow to report results on changes in nutrient composition of children's meals associated with changes in FVC (e.g., switching to high FVC is associated with x% reduction of dietary fat). Although this was not feasible in our study setting, the results still can be interpreted as changes in dietary behaviours associated with changes in FVC as perceived by parents. Parental report can be regarded to fairly reliably reflect the habitual diet as the major part of food is supplied by parents. In Germany, the majority of children do not visit daycare after school (in our sample, 85% responded not having eaten once in Abbreviation: BMI, body mass index. Constantly low (low at both T1 and T2), constantly high (high at both T1 and T2), decreasing (high at T1, low at T2) and increasing (low at T1, high at T2). The rightmost column displays the difference between children with increasing and decreasing development of the respective behaviour. The given changes (contrasts) were predicted from generalized estimating equation models fit to the study data, adjusted for physical activity and taking into account the cluster structure on the level of preschools. See the Statistics section for details.
Fruit and vegetable consumption and BMI change O Bayer et al the daycare during the past week), and there is no food supply at school at this stage. As questionnaires similar to ours are frequently used in other studies, it can at least be concluded that most of the FVC-associated dietary changes are too small to be detected by such instruments. Nutritional behaviour was assessed by means of parent questionnaires. Although there are more accurate methods, a semiquantitative FFQ has been demonstrated to be reasonably reliable in a validation study including 200 Greek schoolchildren.
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A systematic review on dietary assessment methods using doubly labelled water as a reference included two studies (n ¼ 50 and 45) evaluating FFQs. 23 FFQs tended to over-report nutrient intake; however, the FFQ reporting period was 1 year opposed to 12 and 14 days of doubly labelled water collection, respectively. The issue of under-or over-reporting in this study would be alleviated in the longitudinal analysis as long as parents constantly under-or over-report at both T1 and T2.
Our study setting provided access to a large unselected sample of children using baseline data from the compulsory school-entry health examination. To address the issue of potential selection bias, children with and without follow-up were compared (see the Results section, Table 1 ). The lower participation of parents with less education is well known from all kinds of surveys. 24 Girls were more likely to enter the follow-up examination than boys, which probably did not affect the results as the proportion of sexes is balanced (50.8% girls) in the data set. Fortunately, there was only a slight and nonsignificant difference in overweight and obese children, indicating that these children were not systematically lost, which could considerably bias our results.
Statistical power was large enough to detect correlations of 0.10 and below (Table 2 ). In the models underlying of Table 4 , the standard errors of most empirical estimates were p0.11 (Q3 ¼ 0.121, maximum 0.165). Thus, BMI differences of 1.96 Á 0.12 ¼ 0.24 s.d. can be detected as significant by our models on an a ¼ 0.05 level. In a 10-year-old child, 0.24 s.d. equates to a difference in BMI of 0.76 kg/m 2 . Expressed as difference in ranks, this corresponds to 9%points in the middle (0 s) and 5%points and 1%points in the upper parts (1 and 2 s, respectively, more interesting in terms of obesity prevention) of the BMI distribution. A strength of our study is the 4-year follow-up in a period critical for the emergence of overweight in children. 14 The exploratory analysis of potential mediators could be a starting point for a more in-depth examination of the relationship between FVC and BMI as a target for further research applying mediation analysis.
CONCLUSIONS
Longitudinal analysis of a sample of more than 1200 children between school entry and fourth grade did not provide evidence that increased FVC replaced the high-caloric foods assessed in this study (high-energy drinks, sweets and frequency of unhealthy TV snacks) and subsequent effects on BMI. Although FVC is beneficial for other health outcomes, its role as target or outcome in obesity prevention remains questionable. As effects of FVC on consumption of other foods and BMI are too small to be detected by questionnaires as commonly used in epidemiological studies, future studies on this subject should use more elaborate measurements. 
